Cell-mediated immunity plays the dominant role in the immune response of mice to Blastomyces dermatitidis infections. Since The study of host resistance against systemic fungal infections has received considerable attention in the past decade. Until that time, most immunological investigations of these organisms were concerned with the isolation and characterization of antigens for use in vaccines, diagnoses, and epidemiological studies. The lack of information about the role of local defenses, antibody production, and cell-mediated reactions has prompted investigations into host response to various fungi. Recent studies have pointed to the importance of cell-mediated immunity in fungal infections (5, 6, 10) . Such studies have also pointed to the complexities involved in these host-parasite relationships.
The study of host resistance against systemic fungal infections has received considerable attention in the past decade. Until that time, most immunological investigations of these organisms were concerned with the isolation and characterization of antigens for use in vaccines, diagnoses, and epidemiological studies. The lack of information about the role of local defenses, antibody production, and cell-mediated reactions has prompted investigations into host response to various fungi. Recent studies have pointed to the importance of cell-mediated immunity in fungal infections (5, 6, 10) . Such studies have also pointed to the complexities involved in these host-parasite relationships.
Of the systemic mycoses, little has been known of the host response in blastomycosis. Therefore, in our laboratory, we have developed a mouse model system to study the role of cellmediated mechanisms in resistance to Blastomyces dermatitidis infections. Previous studies in our laboratory have established a delayed hypersensitivity pattern which can be adoptively transferred with cells but not passively trans- ferred by serum (20, 21) . We have also correlated the delayed hypersensitivity pattern with Norman, 1977) , and cell-mediated immunoprotection (5) . All of these studies emphasize the dominant role of cell-mediated immunity against B. dermatitidis. It therefore appeared worthwhile to investigate the aspects of cellular immunity as expressed by the macrophages of this system. The macrophage is possibly a key cell, being both the processor of antigen and the destroyer of parasites through phagocytosis.
In a preliminary report (G. C. Cozad To determine the delayed hypersensitivity pattern, the footpads of three mice from each group were tested on days 3, 15, and 30 after the initial injection by the procedure of Youmans and Youmans (24) as described by Cozad and Chang (5) .
Collection of peritoneal cells. Peritoneal cells were collected without the use of an exudate-inducing agent by a modification of the method described by Tolnai (23) . At 15 to 18 days after primary injection, three mice were selected from each group and killed by cervical dislocation. Five milliliters of cold RPMI 1640 with 10 U of sodium heparin per ml (Fellows Medical Manufacturing Co., Anaheim, Calif.) and 1% heatinactivated FCS were injected into the peritoneal cavity. The fluid was withdrawn after a short massage.
The cells from groups of three animals were pooled, and their viability was assessed by trypan blue exclusion. After centrifugation, the suspensions were adjusted to 106 cells per ml in cold RPMI 1640 with 1% FCS, penicillin (100 U/ml), and streptomycin (100 ,ug/ml). Five milliliters of each suspension was added to separate petri dishes containing three cover slips each. The cells were allowed to attach for 60 min at 37°C in 5% CO2. All nonadhering cells were washed away with warm Dulbecco phosphate-buffered saline (PBS). Fresh warm medium containing 10% FCS was added, and the cultures were incubated for 18 to 24 h at 37°C in 5% CO,.
Enumeration of macrophages. After the 24-h incubation period, some cover slips were selected to enumerate the macrophages present. A modification of the nonspecific esterase stain by Koski et al. (11) was used. The cover slips were fixed for 30 s in a solution of 20 mg of Na2HPO4 and 100 mg of KH2PO4 in 30 ml of distilled water, 45 ml of acetone, and 25 ml of 30% formaldehyde. The cover slips were rinsed with distilled water and air dried for 30 min. A 1.0-ml amount of a pararosanilin solution (1.0 g of pararosanilin hydrochloride in 25 ml of 2N HCl) was then filtered and mixed with an equal volume of freshly prepared 4% sodium nitrite. The stain was prepared by mixing, in sequence, 44.5 ml of M/15 Sorenson phosphate buffer (2.128 g of Na2HPO4 and 6.984 g of KH2PO4 in 1,000 ml of distilled water at pH 6.3), 0.25 ml of the prepared pararosanilin solution, and 3.0 ml of an anaphthyl solution (1.0 g of a-naphthyl butyrate in 50 ml of dimethyl formamide). The mixture was immediately filtered, and the cover slips were stained for 45 min in a 37°C water bath. The cover slips were then rinsed with distilled water, drained, and counterstained with 0.5% methyl green for 15 s. A final rinse with distilled water was followed by 30 min of air drying before the cover slips were mounted. The entire procedure must be carried out in glass.
Nonspecific esterase has been demonstrated in monocytes (10) . In this procedure, esterase-positive cells stain red, whereas esterase-negative cells take up the green counterstain. We observed >98% esterasepositive cells on cover slips after 24 h of incubation.
Challenge of macrophage monolayers. After the 24-h incubation of the macrophage monolayers, in some experiments the medium was replaced with fresh RPMI 1640 containing 1% FCS and 106 B. dermatitidis yeast cells per ml. Routinely, 0.3 to 0.5 ml of fresh mouse serum from sensitized animals was added to the medium of macrophage cultures from both normal and sensitized mice. The monolayers were again incubated at 370C in 5% CO2. At various time intervals, cover slips were removed and washed free of nonphagocytized yeast cells. These cover slips were either fixed in absolute methanol and stained with Wright stain for light microscopy or fixed in PBS containing 0.5% glutaraldehyde for scanning electron microscopy.
For scanning electron microscopy, the cover slips were allowed to fix for 18 to 24 h at room temperature, after which they were washed four times in PBS. The cover slips were then dehydrated through a series of ethyl alcohol baths, ending in absolute ethanol. The cover slips were then placed in a solution of ethanol amyl acetate for critical point drying in a Pelco critical point dryer (no. 99, model H; Ted Pella Company, Tustin, Calif.) with liquid CO2 and a critical pressure of 1,072 lb/in2. The cover slips were then gold coated and examined in a scanning electron microscope (Super II; International Scientific Instruments, Inc., Santa Clara, Calif.) with an accelerating voltage of 25 kV.
Other experiments were carried out to assess the intracellular killing of phagocytized B. dermatitidis yeast cells. A procedure similar to the one described by Howard (8) removed by washing the cultures three times with PBS. Fresh medium was then added. A cover slip was removed as a zero time sample. Other cover slips were removed at 24-h intervals. The cover slips were placed in sterile distilled water, and their surfaces were scraped to disrupt the macrophages. The suspensions were diluted, plated on brain heart infusion agar, and counted to determine the CFU after 14 croscopy proved difficult. Therefore, the scanning electron microscope was used to qualitatively assess the phagocytic activity of macrophages from immune mice. Figure 1 is representative of what is seen 5 min after the addition of B. dermatitidis to the sensitized macrophage culture. There are several yeast cells attached or being phagocytized. Note also the morphology of these macrophages. They are rounded and highly ruffled. This is consistent with observations of activated macrophages (16) .
Observations made with the scanning electron microscope during the first 30 min of phagocytosis showed that the sensitized macrophages took up the B. dermatitidis yeast cells more readily than resident macrophages. This finding was substantitated by colony data described below.
Chemiluminescence. There was a rapid increase in emitted light from sensitized peritoneal cells as compared to nonsensitized cells during interaction with B. dermatitidis yeast cells (Fig.  2) . The dermatitidis-activated and control macrophages were infected with C. albicans, 69 to 74% of the former and 41 to 53% of the latter ingested yeast cells (Table 1) . Furthermore, the activated macrophages significantly suppressed germ tube formation by the phagocytized C. albicans (Fig. 6) . At It has been reported that the composition of effector cell monolayers can significantly influence the outcome of in vitro cytotoxic assays (18) . Such assays lack standardization. Variations in experimental conditions can produce macrophage monolayers highly contaminated with granulocytes and even lymphocytes. Such contamination was significantly eliminated from our monolayers by culturing for 24 h before challenge.
We examined the interaction of macrophages with yeast cells during phagocytosis by the technique of chemiluminescence. The phagocytic event produced a rapid increase in the amount of light emitted from the sensitized cell cultures. This phenomenon has been associated with the activation of certain metabolic pathways involved in the formation of microbicidal substances within macrophages (17) .
Nonsensitized macrophages phagocytized B. dermatitidis yeast cells, as did sensitized macrophages, but with reduced efficiency. Therefore, Macrophages are capable of killing many different microorganisms rapidly after phagocytosis (22) . However, a number of parasites are able to survive phagocytosis and proliferate within macrophages. Our data indicate that B. dermatitidis yeast cells possess at least two means of escaping phagocytosis. One is related to the ability of the organism to proliferate inside the phagocyte. By an as-yet-undetermined mechanism, phagocytized B. dermatitidis yeast cells continue to proliferate and bud out of the macrophage. Scanning electron microscopy revealed that >90% of the phagocytized yeast cells were capable of physically growing out of nonsensitized macrophages in vitro by 90 h. A second escape mechanism appears to involve yeast cellmediated macrophage destruction. It has been reported that B. dermatitidis yeast cells contain cell wall-associated toxin (4) . The ability of these yeast cells to destroy nonsensitized mac- and activity of phagocytic cells in the peritoneum. Also, it has been reported that lack of germ tube formation by phagocytized C. albicans is indicative of candidacidal activity by macrophages (13 (15) . They reported that C3H/HeJ mice are highly susceptible to blastomycosis. This mouse strain is unresponsive to lipopolysaccharides, and their macrophages resist activation by a variety of agents (14) . The authors concluded that defects in macrophage cytotoxicity may contribute to susceptibility in blastomyces.
Finally, the question arises as to why cells in the peritoneal cavity should exhibit activation from subcutaneous immunization with a killed organism. It is known that activation can be sustained over a period of time in chronic rather than acute inflammatory situations (3). The mechanism for this is not clear. As the activation of macrophages has not been accomplished by serum transfer, it would appear that a circulating activating factor does not account for the activity of the peritoneal cells. It has been reported that BCG-infected mice challenged with Listeria spp. produce systemic effects on macrophages during periods of intense antigenic stimulation (1) . Although the BCG data was obtained in reference to active infections, it does postulate an undefined systemic activation at the height of response. The actual mechanism of systemic macrophage activation by B. dermatitidis should prove interesting.
